In vivo phenytoin-initiated oxidative damage to proteins and lipids in murine maternal hepatic and embryonic tissue organelles: potential molecular targets of chemical teratogenesis.
The widely used anticonvulsant drug phenytoin may be bioactivated by peroxidases such as prostaglandin H synthase (PHS) to a reactive free radical intermediate that initiates teratogenesis. This in vivo study evaluated the potential molecular targets mediating phenytoin teratogenicity. In vivo phenytoin-induced oxidative tissue damage following bioactivation was quantified in both maternal hepatic and embryonic tissues from pregnant CD-1 mice using lipid peroxidation and protein oxidation and degradation as indices. Pregnant mice were injected with a teratogenic dose of phenytoin, 65 mg/kg ip, during organogenesis on Gestational Day 12. alpha-Phenyl-N-t-butylnitrone (PBN), a free radical spin trapping agent, 41.5 mg/kg, or acetylsalicylic acid (ASA), an inhibitor of the cyclooxygenase component of PHS, 10 mg/kg, were injected ip 2 hr before phenytoin treatment, and maternal hepatic and embryonic tissues were obtained at 0, 3, 6, 8, and 24 hr. Phenytoin enhanced lipid peroxidation in maternal plasma, hepatic microsomes, cytosol, mitochondria, and nuclei and in embryonic microsomes, cytosol, and mitochondria (p < 0.05). Protein oxidation was significantly increased at 3 hr after phenytoin treatment in maternal hepatic and embryonic microsomes. Phenytoin increased protein degradation in maternal plasma, RBCs, hepatic microsomes, cytosol, mitochondria, and nuclei and in embryonic microsomes, cytosol, and nuclei (p < 0.05). In embryonic microsomes, PBN maximally inhibited phenytoin-initiated lipid peroxidation at 6 hr and lipid peroxidation and protein degradation respectively at 24 hr (p < 0.05). PBN also inhibited phenytoin-initiated protein oxidation in maternal hepatic and embryonic microsomes respectively at 24 hr (p < 0.05). These data imply that a free radical generated during phenytoin bioactivation was involved in tissue damage. ASA inhibited phenytoin-induced lipid peroxidation, protein oxidation, and degradation in embryonic microsomes at 24 hr (p < 0.05), indicating that embryonic PHS may be involved in the bioactivation of phenytoin. In maternal hepatic microsomes, however, PBN and ASA did not inhibit lipid peroxidation and protein degradation, suggesting that the lipid and protein damage in maternal liver may be regulated by cytochromes P450 and/or detoxifying pathways that are lacking in embryonic tissues. Such in vivo studies cannot exclude the possibility that protein and lipid oxidation occur as the result rather than the cause of phenytoin cellular damage. However, these results, combined with previous observations, including identical results in vitro and an in vivo reduction in phenytoin teratogenicity by PBN and ASA, suggest that peroxidase-catalyzed bioactivation of phenytoin may initiate oxidative damage to lipids and proteins in embryonic tissues, with teratological consequences.